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Heat as a Factor in Producing Abnormalities During Incu- 
bation in the Chick* 

Paper 28 of the 1922 Meeting at Manhattan 

MARY T. HARMAN 

Kansas State Agricultural College, Manhattan, Kansas 

I. INTRODUCTION 
Alsop ('19) found that only a small variation in either direction 

from the optlim.m temperature during' the incubation of the egg 
produced abnormalities in the central nervous system of the chick 
embryo. A little earlier the writer (Harman '18) showed that 
these abnormalities were in two distinct regions, the brain and the 
distal half of the spinal cord. Miss Alsop showed that when the 
temperature was below optimum the greater number of abnormalities 
was in the spinal cord region, but when the temperature was a'bove 
optimum the greater number of the abnormalities was in the brain 
region. She further showed that 6.5 per cent abnormalities occur- 
red in cortrols, and that a variation of more than five degrees from 
the optimum temperature prod,u,ced 'a high percentage of mortality. 
Her experiments extended only through the third idlay of incubation. 
The following experiments have been an attempt to verify Miss 
Alsop's results and to carry the work through later periods of in- 
cubation. Only the conditions of incubation, the distribution of 
heat and their effects upon the mortality of the embryo are given 
in this paper. 

II. THE EXPERIMENTS 
Two types of incubators were lused. The first were two incuba- 

ters obtained from the Poultry Department.** These were the kero- 
sene incubators used for class work in incubation. The second type 
of incubator used was the medium sizeid electric incu'bator manu- 
factured by the Chicago Surgical & Electrical company. 

1. The Experiments with Kerosene Incubators 
The incubators were heated by kerosene lamps and regulated as 

for class work. The egg trays were removed and a thermograph 
was placed to one side in each inc,bator. On the other side was a 
wire basket which contained the eggs during incubation. Five tests. 
were made, varying in length from two to five ,days. These tests 
included running at low temperatures, running at high temperatures, 
and a change in temperature iafter the beginning of the period of 
inculbation. In all cases the results were in accord with Miss Alsop's 

*Contribution from Zoological Laboratory, Kansas State Agricultural College, 
No. ioi. 

**The writer wishes to express her appreciation for the cooperation of the de- 
partment of Poultry Husbandry and their helpfulness in making 't possible for 
her to secure eggs of a high percentage of fertility. 
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HEAT A FACTOR IN ABNORMALITIES IN INCUBATION 67 

results. In one case when the temperature was 108? F. there was 
a hundred per cent mortality. The low temperature did not produce 
many dead embryos nor was the percentage of abnormalities so 
great. 

Later two experiments were tried, iduring which an attempt was 
mad,e to run the incubators at 103? F. One incubator ran for four 
days ,and the thermograph showed a variation of less than one 
degree during the time. Two dozen eggs incubated during this time 
gave four normal chicks, eighteen (abnormals, and two infertile eggs. 
This puzzled us igreatly for it did: not seem to be in accord' with the 
other experiments which we performed. The other incubator was 
run for four ,days, but on the afternoon of the second d!ay the ther- 
mograph record showed a drop of three degrees, but within three 
hours it was back to 103? F. During the remainder of the time 
there was less than a degree variation from the optimu,m tempera- 
ture. The two dozen eglgs in the incubator during this time showed 
three normal embryos, seventeen albnormals, and four infertile eggs. 

We then put a thermometer in the incubator along with the 
thermograph, and found that the thermometer on the floor of the 
incubators registered four degrees lower than the thermograph. This 
caused us to try another experiment. 

We placed three wire trays in the incubator, one on top of the 
other, allowing a distance of about two and a half inches between 
the bottoms of the respective trays. We placed a dozen eggs in 
each tray 'and, a thermometer at the level of the top of the eggs in 
each tray. The thermometer of the middle tray was on the same 
level as the sensitive part of the thermoglraph. These thermometers 
had been tested previously against one another. The experiments 
were carried on for three days. The thermograph record showed a 
variation of less than one degree. The middle thermometer regis- 
tered not more than half a degree variation from 103? F, at any 
time during the three day period. The thermometer in the lower 
tray was 98.5? F. to 99? F., and the thermometer of the top tray 
registered 107? to 107.5? F. Eight of the eggis in the middle tray 
contained normal embryos, 'and four eggs were infertile. There 
were nine abnormal embryos in the lower tray and three infertile 
eggs. In the upper tray were three abnormal embryos, five eggs 
which seemed to have developed only a blastoderm and then died, 
and four infertile eggs. This same experiment was repeated twice 
with similar results. Thus it was found that in one incu!bator 
there could be optimum temperatures, above optimum and below 
optimum. We then decided to try the electric inoulb,ator. 

2. The Experiments With the Electric Incubator 

For the first experiment in the electric incubator the tray was 
charted to hold twenty eggs. These eggs were numbered and were 
kept in the same place in the incubator during the entire period of 
incubation. A thermometer was placed' in the center of the box so 
that the bulb Was about two inches from the top of the eggs in the 
center of the tray. Another thermometer was placed on the eggs 
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An examination of chart I shows one infertile egg, one egg 
broken early in the experiment, sixteen dead embryos of widely 
different degrees of development, and one chick alive and breath- 
Ing after being incubated twenty-three days. One egg was openea 
after seven days of incubation. The embryo was alive with a 
slightly retarded development. An external examination did not 
show abnormalities. The chart further shows the location of the 
bulbs of the thermometers with reference to the eggs in the tray. 
The numbers indicate the number given the thermometer for the 
sake of recording. The temperatures were read three times daily 
with a few exceptions which ware given in the accompanying table. 

TABLE I 
Date Hour 

1 2 
Temperature 

3 4 
March | 9:301 108.5 102 104 102 

17 11:301 109 2.5 104 102 
3:301 109- 104 105 103 

March 8:25 109 102.5 105 100 
18 12:55 101 104 100 98 

8:15 102 100 98 96 
Miarch 8:101 104 104 100 97 

19 1:001 104 100 100 98 

6:001 104 100 100 98 
March 8:00 104 99.5 101 98 

20 1:00 104 99.5 100 98 
4:001 103.5 99.5 100 97 

March 10:001 104 102 1 02 1 99 
21 3:00 104 100 100 98 

March 8:15 104 102 101 99 
22 12:45 104 102 101 99 

5:001 104 102 102 100 
March 8:20 105.8 102 103 100 

23 1:00 105.8 102 103 100 
5:30 105.8 102 103 100 

,March 8:40 105.8 102 102 i 100 
24 11:301 105.8 102 103 1 100 

4:001 105 101.3 102.5 99 
March 8:00 104 1 100 102 98 

25 1:00 104 [ 100 l 102 98 
March 8:00 104 99.5 100 98 

26 1:001 104 99.5 99 97 
6:001 104 100 100 98 

March 8:00 104 100 100 98 
27 2:001 104 100 100 98 

6:001 104 97 98 98 
March 28 [ 1:301 104 1 100 99 98 

March 8:001 105.8 100 100 99 
29 12:451 104 98.6 98 96 

5:001 104 96.8 99 97 
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TABLE I (continued) 

March 
30 

9:001 104 
1:001 107.4 
5:00 
8:45 
1:00 
4:151 

1 
April 

2 

April 
3 

April 4 
April 

5 

April 
6 

April 
7 

April 
8 

8:45 
6:001 
8:00 

12:35 
5:00 
9:30 
2:00 
3:30 

8:30 
12:40 
4:00| 
8:30 

11:00 
3:10 

8:151 
1:15| 
5:00 

10:001 
2:55 
5:00? 

107.4 
107.4 
105.8 
106.7 
105.8 
105.8 
106.7 
106.7 
107.4 
105.8 
105.8 
105.8 

104 
102.2 
102.2 
105.8 
105.8 
105.8 
105.8 
105.8 
105.8 
105.8 
105.8 
105.8 

98.6 100 
98.6 101 
98.6 

104 
104 
104 
102 
102 
104 
104 
104 
102.2 
102.2 
102.2 

100 
100 
99.5 

100 
100 
100.2 
100 
100 
100 
102.2 
100 
100 

102 
100 
100 
100 
100 
100 
101 
101 
101 
99 
99 
99 

98 
97 
98 
99 
99 

100 
99 
99 
99 

101 
101 
100 

99 
100 
100 
101 
101 
100 
99 
99 

100 
100 
100 
98 
98 
98 

96 
96 
96 
97 
98 
98 
98 
97 
98 

100 
100 
99 

The first column of the table gives the dates on which observa- 
tions were made, the second column the hour of the day. The 
succeeding four columns give the different temperatures regis- 
tered' 'by the respective thermometers at the time of observation. 
There was a great difference in temperatures in different parts of 
the tray at the same time. The greatest difference at any one time 
was April 6 at 8:30 a. m. when thermometer one registered 105.8? F. 
and thermometer four registered 97? F. According to Alsop's 
results this great difference was reaching the proportion of danger 
if not fatality. At no time during the experiment did all the ther- 
mometers register the same. The least difference in the tempera- 
tures recorded by the different thermometers was on March 22 
at 5:00 p. m. when thermometer one registered 104? F. and ther- 
mometer four registered 100? F. At no time did thermometer 
four reglister above 103? F. nor below 96? F. Egg number one 
upon which the bulb of this thermometer rested contained a dead 
embryo thlat was developed near to the point of hatching. As 
was stated previously, the incubation had lasted twenty-three days. 
The embryo was retarded in development, but was lable to withstand 
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the effects of the abnormally low temperatures for a long period. 
Unfortunately no thermometer was near egg number five, which sur- 
vived the twenty-three days of incubation but did not seem to be able 
to get out of the shell. Neither was there a thermometer near egg 
number eighteen, which survived seven days' incubation but was 
somewhat retarded in its development. 

Thermometer number two ran below optimum most of the time. 
The embryo in the eg,g nearest it showed about fourteen days' 
development. 

Since such a wide difference in temperatures of regions not far 
from one another, as shown in the table I, and also since there was 
such a great difference in the effect during incubation in eggs very 
nelar one another, it was thought best to repeat the experiment 
using more thermometers. 

CHART NO. 2 
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TABLE II 
TemuDerature 

I1 2 1 3 1 4 5 1 6 1 7 
Date Hour 

April1 8:15] 106 110-2] 
15 11:401 106 1011 

3:451 108 11041 
8:30] 

11:40 
4:00 
-8:10] 
11:40] 
4:00] 
8:50 

11:20 
4:00 
8:30] 

11:30] 

5:001 
8:30] 

11:40] 
4:2.0] 
8:30] 

11:30] 
4:35] 
8:05] 

11:45] 
5: 10]1 
8:15] 

11:50 
4:10 
8:05 

11:40] 
5:00] 
8:50] 

11.:25] 
5:00] 
8:30] 
1:50] 
5:00] 
8:10] 

11:45]1 
5:00] 

8:30]1 
11:00] 

106 
106 
106 
106 
108 
108 
108 
106 
106 
106 1 
106 
108 
106 
106 
106 
106 
1061 
107 
108 
110 
110 
112 
109 
109 
1-08- 
108 
109 
109 
109 
109 
109 
108 
108.5] 
109 
109 
109 
110- 
110I 

100 
102- 
102 
102] 
102] 
110] 
102' 
102 
103 
104] 

1061 
1031 
102] 
102] 
104] 
102] 
10-2] 

1031 
104] 
105] 
105] 
106] 
106] 
105] 

1031 
1067 
103 
102] 
104] 
106] 
106] 
107] 
104] 

106]1 
106]1 
104] 
106]6 
104] 

100] 104 
100 f101 
100] 
99 

101 
100 
10.0] 

1001 
100] 
101 
100 

981 
101 
101 
102 
100] 
100] 
102] 
101 
102 
102 
102 
102] 
102] 
102] 
103] 
1031 
1 03] 

~ 

104[ 
102]1 
103] 
103] 
104] 
104] 
104]~ 
102] 
104] 
104] 
104] 
1031 
103] 

104 .1 
106 
104 
104.1 

103.81 
104.5] 
10 5 
105.6] 
105.8] 

106.21 
108 
106.2 
108.2 
107 
106.5 
106.6 
106 
105.4] 

106.81 
1071.8] 
107.6] 
108 
108.2] 
109.11 
106 
108 
110 
109 .2] 
107.8] 
108.5] 
109.2] 
110 
10,8.6] 
109.2] 
108 
107.6] 
109.2]' 
107 
103 

8 
105.21 101.81 105 ] .104.9 
104.9] 102 ]102.2] 101.5 
105 ] 108 .21 107.91 101 
104.8 104.1 102 105.2 
105.4 103.8 105.2 100.8 
105.6 104 101 103.6 
104 1104 ]101 ] 101.2. 
105.21 102 ] 101.5] 102 
106.2] 102.2] 106 ] 102 
105.8 102.4 102 101 
105 102 104.2 101 
107.2 102.8] 103 101.6 
107 104 102.4 101.8 
106 104 102.2 100.9 
107.6 104.2 106 100.4 
107 ] 106 103 101.6 

107.51 105.2 102.21 102.4 

10~.81 106 104 103.6 
107 '105.2 104 103 
10,6 104.2 103.8 103 
107.6 105.2 104.6 104.2 
108.4] 105.2] 106 1014.2 
105.4] 1 105.2] 108.2 
104.6] ] 104.2] 103.6 
106 ] 1 105.2] 105 
106.21 1 106.41 105 
106.6] ] 107.2i 105.2 

105.6! ~107 I105.8 
107.2] 108.2 105.8 
108 ] 107.2 106.2 

109.21 1076 106.6 
107 ] ]106 105.8 
106 ] 105.4] 104.2 
109 ]105 104L2- 
110 105 104.2 
107 ]104 105 
110 ]103.8! 104.2 
108.8 ]104.6] 104 
108 ] 104.6] 106 
107.4] I 108.6] 106.2 
110 ] ]108.8] 106 

Aprnl 
16 

April 

17 

April 
18 

Apr~il 
19 

April 

April 
21 

April 
22 

April 
23 

April 
24 

April 
25 

April 
26 

April 
27 

Ap-ril 
28 
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The results of this experiment are shown in chart II and table 
II. In this experiment eight thermometers were used. Thermo- 
meters one, two and! three were the thermometers used in the pre- 
vious experiment, and the other thermometers were clinic ther- 
mometers suspended in the incuubator with bulbs almost touching 
the eggs. The figures on the chart show the location of the bulbs 
of the respective thermometers. Thermometer number six was 
broken on the morning of the eighth day of the experiment. The 
experiment was continued for thirteen days, after which the eggs 
were opened. 

Thermometer number one registeredi above the optimum tem- 
perature from the beginning of the expeiment. The chart shows 
that egg thirteen, which was under this thermometer, was fertile 
but the embryo had died with practically no development. Ther- 
mometer two registered near optimum temperature until the last 
part of the third day when it jumped to 110?. The chart shows 
that egg number twenty, which was immediately under this ther- 
mometer, was dead with .only a little development. Thermometer 
n'uymber three registered below optimum until about the middle of 
the ninth day. The remainder of the time of the experiment it ran 
at nearly optimum. Only a few times did it go to 104? F. At 
the end of the experiment egm number one, which was beneath this 
thermometer, had a dead embryo in it, but it had developed con- 
siderably and had the appearance of having been dead only a short 
time. The low temperature had evidently retarded the develop- 
ment, and the embryo was unable to survive the effect of it. Ther- 
mometer four was between eggs number sixteen and seventeen. 
The temperature was above optimum for almost the entire experi- 
ment, but for the early part of the experiment only twice did the 

temperature rise to 108? F., which according to previous results, 
has been fatal in most cases. It will be noted, however, that it 
remained at this temperature for only a short time. The chart 
shows that egg sixteen had reached about nine days' development 
and; egg seventeen had reached labout eight days' development be- 
fore the embryo died. It seems that the excessive temperature 
hastened the development, but at the end of the seventh day, or 
the begtinning of the eighth day when the temperature remained 
for sometime around the danger point, the embryos were not able 
to survive. A isuperficial examination shows that both of these 

embryos were very abnorm;al. The extent of the abnormality has 
not been determined, Thermometer fivc, ltike thermometer -one, 
registered: high from the beginning with similar results. Ther- 
mometer six, except for a short time, at the end of the first day, 
registered near the optimum temperature, until the end of the fifth 
day. After that until the time it was broken on April 22nd, it 

registered above optimum. It was between eggs ten and fifteen. 
Egg ten reached about seven days' development before the embryo 
died, while egg fifteen had developed; but little. It will be seen 
though, that egg fifteen was not far removed from thermometer 
two, which ran up to 110? F. on the third day of incubation. Accord- 
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ing to previous experiments this was almost sure to be fatal. Ther- 
mometer seven registered considerably above optimum tempera- 
tures during the early part of the experiment, and while later it 
registered near to optimum, yet eggs six and seven developed bat 
little. They were evidently unable to withstand the high tem- 
peratures of the early period. While on the average thermometer 
eight registered above optimun, yet at only one time did it reach 
the point which has proved fatal in most cases. The development 
in egg number five, whch was under thermometer eight, continued 
longer than any other one of the experiment. The chart shows that 
the embryo was alive and breathing at the close of the experiment. 

III. DISCUSSION 
For centuries heat lias been recognized as a chief factor in pro- 

ducing development in the eggs of the chick. This has been ac- 
knowledged in the manufacture of artificial incubators. One of 
the big factors in the success of artificial incubation is conceded 
to be the regulation and the distribution of heat. Dryden ('16) 
says that "artificial methods would be more generally used than 
they are were it not for the fact that there are problems in artificial 
incubation and brooding that are not encountered in natural incu- 
bation and brooding." He further shows that in the Oregon Exper- 
iment Station the incubator hatched 78.5 per cent of fertile eggs 
while the hen hatched 96.5 per cent fertile eggs, and that the 
incubator tested 22.7 per cent infertile eggs, while the hen tested 
11.8 per cent infertile, furthermore, the incubator had 16.6 per 
cent dead in the shell, while the hen had 2.8 per cent dead in the 
shell. In the Ontario Experiment Station, incubators hatched 45.5 
per cent eggs set, and hens hatched 58.5 per cent eggs set. He 
further states that the best results can be secured only when the 
temperature is kept steady in all parts of the egg tray, but he 
does not give any data as to the temperature in different parts 
of the egg tray. The foregoing experiments of the writer show 
that too much emphasis cannot be placed upon Dryden's state- 
ment, and furthermore, that in the two types of incubators used, 
there is a great difference in the temperature in different parts of 
the egg tray at the same time. The differences in the hatches 
under hens and in artificial incubators may be in part due to this 
factor. It is well known that the hen frequently moves her eggs 
about in the nest while incubating them. While this would not 
change the temperature in different parts of the nest, it would tend 
to equalize the temperature so far as the eggs are concerned. 

The writer is inclined to believe that the difference in fertility 
as recorded for eggs incubated in an incubator and those incubated 
under the hen is not in reality a difference in fertility, but is due 
to early mortality. Since eggs are not candled out until the third 
day, many eggs could have started to develop and the embryos 
have died early, which would not be revealed as a result of eandling. 
Stockard ('21) has shown that in the fish there are critical and 
passive moments in the development of the embryo. While exact 
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periods have not been so definitely shown in case of the development 
of the chick, yet there is evidence which indicates that some periods 
are more critical than others. Payne ('19) has shown that the 
rate of mortality during the period of incubation in the chick is not 
constant but may be represented by ,a bimodal ouerve, the sharply 
defined peaks of which are on the fourth d,ay and the nineteenth 
day of incubation. 'Payne determined these periods by candling, 
and no doubt that some of the eggs judged infertile were not in- 
fertile, but had been killed in the early periods of incubation. Never- 
theless, Payne's experiment shows that there are at least two very 
critical periods in incubation. 

Dtareste ('91) concluded that abnormalities produced in chick 
embryos were due to arrest of development. He, also, maintained 
that heat is a large factor in this arrest of development. 

Wood ('06) says that experienced incubator operators feel well 
satisfied if they fin'di that their entire season's work gives then, 
an average of fifty chicks hatched for each hundred eggs set. With 
the price at which eggs have been sellirn du,ring the last few years, 
this average makes artificial incubation rather expensive. The 
experiments of Eycleshymer ('07) and Alsop ('19) have shown that 
there is an optimum temperature at which development in the 
chick takes place most normally, and a slight vari;ation in either 
direction from this optim,m produces a high percentage of mor- 
tality. The above experiments of the writer show that these varia- 
tions from the optimum temperature may be present in a single 
tray of the incubators in common use. This fact may account for 
the low percentage of hatch although the observations of the ther- 
mometer shows almost a constant temperature since usually only 
one thermometer is used and at most, seldom more than two. 

IV. CONCLUSIONS 

1. A small variation during incubation from the optimum of 103? 
F. produces a high percentage of la!bnormal embryos. 

2. If this variation is five or more degrees above or below the 

optimum, a .zreat mortality re ults. 
3. In our common incubatcrs the optimum temperature may be 

almost constant at one place in the incubator, while at the same time 
other parts of the tray may be above and still others below the 

optimum. 
4. Chick embryos can survive the low temperatures longer than 

the high temperatures. 
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